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INTRODUCTION
Controlling quantum dynamics is one of the most fundamental issues in quantum physics, as well as in modern information processing. This problem is also connected with elaboration of quantum devices. In one of the standard techniques [1, 2] , control of optical quantum system is achieved through the application of suitable tailored, time-dependent externalˇelds, including application of synchronized laser pulses. In this report, we want to extend pulses control strategy by considering generation of squeezed light in dissipative systems.
Squeezed states of light play an important role in developments of quantum physics. These states have been widely employed to achieve measurement sensitivity beyond the standard quantum limits in applications such as precision interferometry and atomic spectroscopy. Novel discoveries made with them include quantum information processing with continuous variables (CV) [3] . In particular, squeezed states of light have been used as a resource for quantum cryptographic protocols. Single-mode squeezed states have been also served as CV entanglement source since combining two single-mode squeezed states at a beam splitter creates an entangled two-mode state.
Optical parametric oscillators (OPO) based on processes of down conversion in a cavity have proved to be efˇcient sources of squeezed light [4] . Excellent agreement between theory and experiment of squeezing is obtained in the region below threshold for OPO and in the spectral domain. A systematic quantum theory of OPO including the near-threshold region has also been developed in (see [5] and references therein).
As is well known, the total or integral one-mode squeezing is usually analyzed through the
where a, a + are the boson operators, V (x) = x 2 − x 2 is a denotation of a variance. It should be noted that an integral squeezing for the intracavity mode of subharmonic generated by OPO reaches only 50% relative to the level of vacuum uctuations, 1 > V 0.5V 0 , and equality takes place if the pumpˇeld intensity is close to the generation threshold [5] . It is obvious that such a limitation on the degree of squeezing is due to dissipation and decoherence processes, as well as the cavity induced feedback.
In this paper we obtain a remarkable result that application of pumpˇeld with periodically varying amplitudes instead of cw pumpˇeld essentially improves the degree of squeezing in OPO, making it beyond the limit 50%. We demonstrate this phenomenon for OPO in tworesonant optical ring cavity, concluding that such an essential improvement of total squeezing takes place for both below-and above-threshold operational regimes.
Noteworthy is the difference between the focus of our paper and most of the previous works devoted to the study of squeezing. It is an established standard to describe squeezing with the spectra of quantum uctuations, as has been done even for some pulsed squeezing experiments [6] . Unlike that, we follow the ideology of time-resolved quantum information technologies which are now in the stage of development (see, for example, [7] ), and analyze the integral squeezing characteristics of periodically pulsed light beams in the time domain.
MEAN PHOTON NUMBER AND SQUEEZED VARIANCE
We consider standard OPO in a cavity that supports the pump mode at frequency ω L and subharmonic mode at ω L /2. Down conversion of the pump photons to resonant subharmonicmode photons at frequency
, occurs due to a χ (2) nonlinearity inserted in the cavity. The novelty is that pump mode is driven by an amplitudemodulated externalˇeld at the frequency ω L with time periodic, real valued amplitude f (t + τ ) = f (t). Thus, equations describing this system are the well-known equations of an ordinary OPO which involves modulated amplitude f (t) instead of time-independent amplitude for cw regime (see, for example, [5] ). The surprising thing is that in the semiclassical approach it is possible toˇnd an analytical solution for the mean photon numbers and phases of generated modes provided that detunings of modes are equal to zero. Some details can be found in the paper [6] 
while the phase of the subharmonic is equal to ϕ = φ L /2 ± πm, (m = 0, 1, 2, . . .) and describes twofold symmetry in phase space. Here φ L is a pumpˇeld phase, γ and γ 3 are the decay rates of modes ω L /2 and ω L . The constant k is proportional to the χ (2) susceptibility and determines an efˇciency of the down-conversion process. Note that in this regime the photon number is a periodic function of time.
To calculate the squeezed variance V , we use an approach recently developed in analyzing of time-modulated NOPO [8] . This approach is based on perturbative analysis of stochastic equations of motion of time-modulated OPO on the small parameter of the theory λ/γ = k 2 /γγ 3 1. In the below-threshold regime, f (t) < f th = γγ L /k, the result is calculated in the following form:
while for time-modulated OPO above threshold, f (t) > f th ,
Here we have deˇned the period-averaged pumpˇeld amplitude f = 1
ularly, for the case of monochromatic wave pumpˇeld, f (t) = f = const, Eq. (2) takes the form V = γγ 3 2(γγ 3 + kf )
, which coincides with the well-known result for the ordinary OPO below threshold. Note that the results (2), (3) are different from analogous results obtained for two-mode squeezed variances [6] .
PULSED CONTROL OF SQUEEZING
Let us now analyze the synchronized pulse application in the context of squeezed states. We consider OPO subjected to a periodic sequence of identical laser pulses. We consider a rectangular form of the pulses of the duration T 1 , assuming that T 1 is much less than the interval T 2 between the pulses. In this case the period-averaged pumpˇeld amplitude
, where f L is the highness of laser pulses, and hence the above-threshold regime is realized if
The mean photon numbers and the squeezed variance V (t) are calculated on formulas (1) and (2) = 1 MHz). It is clearly evident from theseˇgures that the mean photon number increases during laser pulses and decays during the interval T 2 between pulses due to dissipation in the cavity. One can conclude from Fig. 1, b and Fig. 2 , b that the squeezing criterion V < 1 is fulˇlled for any time intervals. However, we have also found remarkable result that the variance goes below the level of 0.5% estabilished for an ordinary OPO in a steady state, i.e., V 1 2 V 0 , where the variance V 0 corresponds to the level of vacuum uctuations and is normalized as V 0 = 1/2. Such a situation occurs for deˇnite time intervals corresponding to the ranges of maximal photon numbers, and for the appropriate chosen parameters. Thus, high-degree squeezing takes place for nonstationary regime, if T 1 is enough shorter than the relaxation time and hence the dissipative effects in modes dynamics are still inessential. We also illustrate these results analytically by calculation of the minimum values V min = V (t m ) atˇxed time intervals t m = t 0 + mT 2 . Considering for simplicity OPO below and near the threshold and assuming T 1 T 2 , we get from Eq. (2)
1 − e −2γT2
where
This formula is in accordance with the data of Fig. 1, b and Fig. 2 , b.
The degree of integral squeezing is seen to increase with the parameter ε L T 1 . 
CONCLUSION
We have demonstrated the synchronized pulse control over squeezing in OPO. On the whole the integral variance of squeezed quadrature goes below the level 50% relative to the level of vacuum uctuations, V < 1/4, in contrast to a usual OPO operated with cw pump. We expect that an experimental evidence of pulsed squeezed light may be given the time domain as it has been demonstrated for time resolved homodyne squeezing measurement [7] .
